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, BACKGRQDND OF THig INVEWTIQW 

Field Of the Invention v / 

f; Tbis Invention relates to stirgleal suction deviiees. for the 
removal.of surgical debrlSv /'r..- v. .: • • y . • 
^ . - Description of the Prior Art 

Suction devices are qsed during surgical procedures to remove 
• ; : fluids and debris from the operating field. Various designs have been 
proposed for these devices. Typically, such devices inclikle a tip 
: which is Inserted into the surgical field and a meanSi usually a 
conduit pr a tube^, for connecting the tip to a vacuum source. 
.. ,fv However, these^k^ have proven unsatisfactory in some 

■ aspect. • . ::; y-^. •. 

• The designer Of surgical suction, device- m 
r: /various factors. Th^^dev^ be easy and convenient to use and 

must minimize the amount of disruption to . the surgeon; The time 
required to clear the field may impact both the total length of the 
. : procedure and the ability of the surgeon to Identify problems within 
. the -field and complete the procedure. The length of the procedure 
affects both the surgeon and the patient. Procedures lengthened 
7 , . unnecessarily are unduly tiring to the surgeon and expose thlB patient 
. to. anesthesia for a prolonged period^^: Therefore, the time required 
to use the device must be minimized. Ease of use contributes to 
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minimization of the time required to complete the surgery and 
faciUtates operation of the device by less trained personnel. 

The device must aiso minimize the disruption of the patient's 
tissues. Aspects of disruption which must be considered include the 
size of the incision required and the trauma to tissue should it be 
aspirated Into the device. The suction device should not require that 
the operating field be adjusted to accommodate It Further, it is 
inevitable that tissue vdll be exposed to suction thrpi^li 
inadvertence or inability to properly clear the field without 
impingin? upon tissue. Therefore, the device should minimize tissue 
trauma by minimizing both the space required to use It and the 
, ; tendency to injure aspirated tissue. V 

Turther, the suction device must clear the field effectively. 
, TyplcaUy, blood and other fluids, such as saline Irrigating fluid and 
the like,. wlU be present in the operating field. Solids and semi-solids 
.such, as coajgulated blood, bone, chips, excised tissue particles, and 
. . . the Uke wiU also be present. AU these materials must be i^maved 
from the operating field without extraordinary effort. The device 
. must continue to operate effectively In the presence of these 
f materials without requiring repeated and prolonged interruptions to 
; unblock the device. 

Various designs have been proposed to satisfy the above- 
described factors. For example, devices which control the amount 
: ; Of suction by. moving the suction source relative to perfdratfons in 
X the tip are- common* See. foe example, n.S. 3,426,759 and 
- iU.Si 4,48t,600. Some of these devices take advantage of relative 
V . motion to attempt to shear blockages of the suction tip, as in 
; n.S. 3,308,825 and O.S. 4,400,168. However, these designs are. for 



the most part, not coxxunerciaily accepted because they are unduly 
difficult to operate. For example, the design In U.S. 3.308,823 
requires that a locknut be loosened to allow the suction tube to sUde 
within the suction tip and adjust the number of holes exposed to 
suction. The locknut must then be tightened to fix the location of 
the suction tube in relation to the. suc^on ti^^^^ IT;S. MOO1I68 
requires that tiie thumb of the user% hand be; utilized when varying 
the number of . suction holes exposed and when shearing off 
blockages. Thai former procedure iS: complextrvwhile the latter 
requires a great deal of concentration and iMnual dexterity. 
Further, shearing apparatus; typically require metal construction, 
thereby raisir^ costs. Therefore,; these designs are less than 
.satisfactory,^ . .w. 

• Other, devices vary the amount of suction available by sliding 
a suction tube witiUn a perforated tip, as in U.S. 4.487,600, or by 
providing an opening betvreen the vacuum sour<$e and the suction 
tip,,as in German O.S. 1,491,755. However^ both designs are flawed, 
the latter being unwieldy to operate, .the former tending to dog and 
niake the suction too strong when the suction is directed at only the 

iwles closest to the tlp.^^^ ^^^^ ^ V , 

Other designs, such as U-S. 3.963,028, while dmple to 
manufacture and operate, are prone to clogging as the tip impinges 
upon tissue because the holes in the suction tip are relatively closely 
spaced. Designs which provicte for atraumatic withdrawal of blood, 
such as U.S» 3,623,483, do not provide for adjustment of; suction 
strength. Further, thIS: design requires displacement of tissue within 
tlie field and a. pool of blood from; which to draw. Therefore, it is 
difficult to use such a design to completely dry a field. 
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FinaUy, other cteslgners have cir<nilated anti-cdaigulant in the 
tip. The anti-coagulant delivery device described In U.S. 3,955.573 Is 
Intended for use In autologous blood traosfusioh. therein, anti- 
coapilant Is delivered within a bulbous suction tip designed to 
thoroughly mix the antl-eoagulant with the blood being aspirated. 
The^ the clotting tendency is almost immediiitely ii^ressed. 

V thereby preventlnf clotting and blockages within the device. 
U;S, 2.804,075 discloses an antHxaguliant delivbry system and 
teaches that when the suction holes become blocked, anti-coagulant 
accumulates vdthin the tip and usually deiirs the bIocl«d holes. 
Further, bone Chips are said not be able to block the aspirator 

: because the holes in the suction tip aresmaUer than the suction tube 
cfiameter. However, this does not explain why a bone chip might not 
bio^ the suction tip itself nor how a blockage which Is not affected 
by ahtHjoagulaat. such as a fat^bule or ia piece of excfeed tissue, 
v.';.'. would-be removed.' ■ ' ' 

None of these itfevlee^ have proven to be ' satisfactory 
; TherefOT^ it is an ot^ject of this invention- to provide a surgical 
suction device which is conv«iient to usfe. clog resistant; ^f ieient, 
and able to quickly clear an operating field of surgical debris while 
•^^^ tissue, it Is a further object' of this invention 

■ : to provide a surgical suction device wherein the suction ports are 
■ ^r f r disposed in a fashion which ensures that at least some of the suction 
ports will remain unelt^ed. 
. SUMMARY OP THE MVEMTTnN 

In accordance with these ihd other objiectivBs. tlits' invention 
; relates to a suction device to be attachecJ to a vacuum source for 
removal of surgical debtis comprising an elongated Section through 
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Which the clebris is aspirated^ The elongated section contains a 
perforate end section in communication with a hollow central 
suction conduit which forms a passageway for the aspirated debris* 
The perforate end section has a perforate first surface portion 
extending from the end of the elongated section to the widest part 
of the perforate end section, and a perforate second surface portion 
extending from the widest part of the perforate end section to the 
distal &id of the end section. ; Perfora;tlpns form suctioa ports for 
the aspiration of debris through suction port conduits which 
communicate between the suction ports |smd the hpUim 
suction conduit. A hollow handle, which communicates, between the 
vacuum source and the hollow conduit, defines a passageway for the 
aspirated debris. 

The invention further relates to a suction device wherein the 
elongated section and part of the perforate end section are 
surrounded by a coaxially disposed p^forate sleeve 
substantially from the. end of the elongated section to the widest 
part of the perforate end section and having substantially the same 
size as the widest part of the end, 

BRIEF DESCRIPTION OF THE DRAWINGS ^ - 

. Figure 1 illustrates a preferred embodiment of a suction 
device used in the present invention. 

Figure 2 is; an &xd vie^ of the suction , fte^ shown in 
Figure ' ^. 

Figure 3 illustrates the assembly of the device together with a 
hoUpw handle according to the invention. 

Figure 4 shows a preferred embodiment of the perforate 
sleeve intended to surround the elongated section and part of the 
perforate end section according to the invention. 
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Figure 5 is aih exploded pospective vt&f of the assembly . 
confainin? the device, sleeve, and handle, of thb present indention. 

Figure 6 illustrates a surgical suction device, 1^^ a 
slesn^ according to the invention. 

Figure 7 iUustrates an alterative emixxJtoeht 6 
-^'^ device.' • ^' --^v- ~ ■ ' 

Figures 8 and 9 Illustrate the relationship of the intersection 
Of suction port conduits with the hOUow central suction conduit. 

tliroughout th&e drawings, like numbers ^ 
Identify like parts. 

■ DETAILE D I)ESCRIPT16N OF tUg iNVENTmw 

\ It has been discovered that a surgi<ai suction de^riie can be 
made convenient to use, dog resistant, efficient, ^hd able to' quickly 
clear an operatihg field of surgical debris while minimizing damage 
to tissue by disposing suction ports on a first surface portion of a 
perforate end section of tiiedw^^ these suction pbr» act as 

a vacuum modulator when suction ports on the secohd surface 
t>brtl6n of the tip become clogged. Thus, debris which becomes 
lodged in suction ports on the second surf ace portion is hbt subjected 
to the entire vacuum because! oth^r pbrts r©6aato o^eni^^^S^^ 
tissue is not traumatized By being strohgiy a^^ 
ports. 

Lodged debris ckn often be dislodgec^^ 
device or rotating it within the operating field. Slmllariy, If the 
surgeon desires to remoVe a large particle from the field, the device 
simply can be removed from the field and wlp6d oh another surf ace. 
The particle is easily removed from the suction ports because the 
vadium is mbduiated by the non-pli«ged suction ports. Thus, the 



strength of the vacuum i$ automatically regulated without the need 
for a separatie vacuum ac^Justment techniquet such as the ability to 
expose additional $uction ports in the tip. Further, debris which 
does beconie. lodged in a suction port can be removed without the 
need for a shearing or cutting device. 

It has also been discovered that the fraction of the totsil 
suction port area which Is on the first portion of the eiti affects the 
self-regulation of vacuum distribution. 

It has been further discovered that to orient the suction port 
conduits from the first surface portion, so that they Intersect the 
hollow central suction condiiit at approximately equal distances 
from the distal end and are disposed generaUy toward the distal end 
of the perforate end section, is desirable because this orientation 
creates turbulence at that intersection. This turbulence tends to 
ensure tfaat particles aspirated into the hollow central suction 
condtnt do not liodge in the intersection of the hollow conduit and 
the suction port conduits. 

Figure i illustrates a preferred emboii^ent Q^^ 10 
comprising elongated section 11 containing hollow central suction 
conduit 14 and perforate end section 12 through which hollow 
cmtrai suction conduit 14 continues. As illustrated, perforate end 
section 12 is bulbous. However, the perforate end of the tip need 
not be bulbous. Perforate end section 12 can have any enclosed 
shape which provides a first surface portion 16 extending outwardly 
frbin the end 18 of elongated section 11. Hollow central suction 
conduit 14 continues through perforate end section 12. First surface 
fbrtion 16 can be of any shape which Is narrow at one end and 
widest at the other. An example of another suitable first surface 
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jportioh is a frusto-conical section. Those skilled to the art are 
fanillar with other suitable first surface. 

First surface portion 18 need not be oriented on the axis of 
hdUow central suction conduit 14. Instead, first surface portion 16 

• could be oriented at an acute angle from the axis of hollow central 
suction conduit 14. Figure 7 i? an Illustration of a tip with such an 
orientattoii. Further, hollow ciantral suction coiKluit^^U 
straight. It may have any curve oe eonipound curves desired. 

Figure 2 dejdbts an (Md view of perforate end section 12, 
dieariy illustrating a plsoiar face 15 and the relattaiShip between 
suction ports 13 in the second surface portion o^ perforate end 
section 12 and suction port 20 in planar face 13 of the second 
surface, portion. The embodiment iUustrated ther^ has three 
suction ports 13, each of which is suhstanttaUy the same size, 
symmetrically placed about second surface portion of perforate end 
seetton 12, and one suction port 20 centered In planar face 15. For 
the purpose of this invention, the suction ports I3i in the second 
surface prartldtt of perforate end section 12 should be of the same 
slM^and these suction ports, together with suction port 20 In planar 

i ^ VOttipa^^ be 

syhin^ tsia<jed about the face and tiie second surface portion 
of the end, thus ensuring even distribution of suction. 

Although the size of the suction ports is not critlcjO, certain 
criteria aiould be considered when sizing the suction ports. As 
already described, the suction ports on the second surface portion of 
the end should be of the same size and symmetrically placed to 
enisiTO even <fis^ of the vacuum, within these constraints, 
the number of suction ports is theoretically unUmited. However, 
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practical considerations establish iimite on the suction port size and 
placement. Although two„ suction ports could be symmetrically 
arranged on the second surface portion of perforate end section 12, 
: the operabUity of ttie device would be reduced. Therefore^ the 
fewest preferred number of suction ports in the second surface 
portion (rf perforate end action 12 is; three.:; , 

^ The suction ports communicate with hollow central suction 
conduit 14 via suction port conduits. Each suction port conduit 
preferably has the same cross-sectional size and shape as the suction 
port with which it communicates. However, the suction port 
_ conduit can have any cross-sectional size and shape which is not 
smaller than the cross-isectidnal size and shape of the associated 
suction port. This llmltatl^ that ^soUd or semi-solid 

. particles of debris aspirated throi^b the suction port vrill thus also 
te aspirated through the suction port conduit. 

Suction , port conduits need not be any particular length. 
Figure 8 illustrates the relative length of suction port conduits 23, in 
communication with suction ports 17 in first surface portion 16, and 
; suction port conduit 21, in communication with suction port 20, in a 
. , preferred embodiment, of this Invention. Although suction port 
. conduit 21 preferably is short, as iUustrated in Figure 8> it could be 
extended further into the interior of perforated end section 12. 

The maximum number of suction ports Is limited by the ability 
' . . to manufacture a device haying sufficient structural strength and by 
,:the minimum , desired OT^^^ port size. :- The -latter Criterion 
establishes the . practical limitation for the purposes of this 
invendon, as the suction ports must be large enough, to aspirate at. 
ieast soxne of. the non->fluid debris. This debris, such as fat globules, 
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exdsed tissue, clotted Wood, bone cUps; can be 

removed either by aspirating the debris or by ailowlhg the debris to 
become trapped in a suction port ahd then rembvtag the suction 
device from the field to physicaUy remove the entrapped debris. 
Therefore, those skilled in the art will be aiiie to select the size for 
the suction ports disposed about the perforate end portion of the 
device and a symmetrical arrangement of these suction ports 
suitable for the purpose tatended. 

The suction device of this invention is particularly useful in 
orthopedic surgery. During such surgery, suction devices are 
required to remove dense viscous fluids, Irrigating fluid, particles of 
bone and plastic, and similar debris. In siich use, the preferred 
diameter trf each of the three suction ports li in the second surface 
portion of the perforate end sectiott l2 Is betvireen about 0.09 to 0.15 
Inch, more preferably between about 0.10 to 0.13 Ihch^ Further, the 
preferred diameter of suction port 20 in planar face 13 is between 
about Oils to 0.20 inch, more preferably between ibout 0.16 to 0.18 
Inch. Such dimensioos are advantageously utilized to aspirate the 
above^escrlbed debris. However, these guidelines should in no way 
he considered, limiting because, as Is clear to those in the art, other 
dimensionis could be utUlzM advantageously in other applications. 

Figure 1 further llUistrates placement ot suction ports 17 on 
first surface portion 16 of perforate end section 12. The suction 
ports, are preferably symmetrically arranged on first Surface portion 
16 . and preferably are of equal size to ensure symmetrical 
distribution of the vacuum force. Becausei suction ports 17 on first 
surface portion 16 are not located on the same surface as are suction 
ports 13 and 20, they typically remain useful even if suction pbrts 13 



and 20 becomjB blocked for any reason. Thiis, the device 10 can be 
advantageously utilized to aspirate pools of fluids coQtainin? solid 
and'semi-solid debris which tends^ to block suction ports 13 and 20. 

potion ports 17 also function as an automatic vacuum 
modulator, facilitating operation of the tip imder conditions 
conducive to blockage. Debris which becomes locked In. suction 
ports 13 and 20 is not subjected to the entire vacuum force because 
suction ports 17 remain open. Therefore, a large particle can be 
removed from the suction port with a simple wipe on a surgical 
towel, sponge, or other suitable area. The vacuum need not be 
temporarily interrupted to remove the blockage. Further, suction 
ports 17 continue to function while suction ports 13 and 20 are 
blocked, thus continuing to remove ftuidjand debris from the field. 

The vacuum modulation feature of, the ttp of this invention 
also reduces trauma to aspirated tissue. Tissue aspirated into, suction 
ports 13 and 20 does not typically receive the entire force of the 
vacuum because, suction ports 17 will typically remain open, 
therefore, injury to aspirated tissue is reduced* 

When the device of this invention is used in orthopedic 
surgery, a preferred embodiment is to utilize three suction ports 17, 
each having a diameter of between about 0.06 to 0.11 inch, 
preferably between about 0.08 to 0.10 inch. The dhnensions are 
advantageously used to aspirate debris from orthopedic surgery, but 
in no way shoMld they be considered limiting. Those skilled in the art 
wm be able to adapt the structure for use in surgery and applications 
whereih different suction port dimensions and arrangements will be 
effective. 
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Vacuum modulation Is affected by the ratio of the cross- 
sectional area of the suction ports 13 and 20 on the second surface 
portion of perforate end section 12 to the cross-sectional area of the 
sudtibn j^rts 17 on first surface portion 16. Therefore, those skilled 
^ ^® ^ ^ ratib to satisfy particular needs. 

For orthopedic surgery, a ratio betweehi about L3 to id suitable, 
With a ratio between abom 1.9 to 4^^^ 

The siiitaWU^ Of this suction device is enhanced by its 
superior abiUty to aspirate bone chips and other soUd- or semi-solid 
debris such as fat globules, blood clots, excised tissue particles, and 
the like, if su«A iiiterial beromes lodged in a suction ^^^^^ 
removed by removing the device from the airgieal field and wiping 
the tip. However, this invention is ^p6cially suitable for removal of 
seml^wjllds without disrupting the surgical procedure. First, it is 
sometimiM ixjsslble to remove semi-^Ud hlockii^ 

? <Ie^<» to eauas the semHolld material 

to contact a jflurality of suction ports. The ad^fional force which 
^ t^en be broug&t to bear on this seihi-solld material is often 
* aifficient to break toe blockage into ^ jpUffa^ small 
enough to be aspirated, secbiul, it h^ been discov^^ the 
suction port conduits can be arrang^ Withih t&^ perforate end 
section to create turbulence at the Intersections of the suction port 

. : conduits and the hollow central suction conduit within the device. 
This turbulence impinges upon that fraction of the blockage which is 
within the suctioa^ E^^ which Is caught on the 

intersection of the siictibn J)6rt conduits and hollow central suction 
conduit, and typically dislodges the blockage. 
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^ Figure 8 illustrates :ttie preferred orientation of suction port 
: , 11, wtuch are associated with suction ports In first 

surface portion 16. The relative location of the intersection of one 
V suction port conduit 22 with hollow central suction conduit 14 is also 
., illustrat€xL- Similarly, Figure 9 lUustrates ,the pi^erred orientation 
^ ; . 0^ suction port conduits 22,: WUeh are a^ with suction ports 
13 in the section surfacte portion of perforate^d portion, 12. The 
relative location of the intersection of one suction conduit 23 with 
hollow central suction conduit 14 Is also shown. , Each figure also 
, - ; Illustrates the, location of suction port 20 and suction port conduit 

Although suction port conduits 23 and 22 could be disposed 
- perpendicular to hollow central suction concMt 14^^^ 
arrangements are illustrated in Figures 8 and 9. ;: Preferably, hollow 
central suction conduit 14 and suction port conduits 23 intersect at 
approximately equal dlstences^f^ the. distal end of perforate end 
section I2,>wd suct^^ port conduits 23 are disposed generally in the 
, direction >of tlie distal .end of perforate end section. JL2». Further, 

suction port conduits 22 preferably intersect hpU^ 
. . concftnt 14 at approximately equal distal end of 

. : : , perforate end section 12, and suction port conduits 22 are disposed 
generally away from the distal end of perforate end section 12. 
. , Finally, the intersections of hoUpw central suctloti conduit 14 with 
suction port conduits . 22 are preferably closer to the distal end of 
, perforate end portion 12 than are the intersections of hollow central 
suction conduit 14 with suction port conduits 23. 

. Flffjre 8 further illustrates that hollow central suction 
; ^^onduit 14 preferably has a diameter larger than any, of the suction 
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ports and suction port conduits so that aspirated material does not 
become lodged within the device. To dislodge such a bibdcage would 
fiequlre taWng the device out of service and mahuaUy removing the 
Bitekage, to a preferred embodiment for orthopedic surgeiy, hoUow 
centra suction conduit U has an interior diameter of approximately 
0.18 to 0.23 ihdjes, and is pfeterahly larger than the largest suction 
port or isuctibn port conduit, those skilled in thw art can change tUs 
diameter to one more suitable for thdr intencted use.! 

Figure 3 illustrates the use of the device in cdmiihction with 
hollow handle 30. As can be seen in the figure, handle 30 Is hoUow 
so as to form a passageway for aspirated debris from hoUow central 
suction conduit 14 to the vacuum source and is adapted at one end 31 
to be removably connected to hbUow central suctloh conduit 14, and 
at the other end 32 to be attached to a vacuum source. The 
particular method <rf removably a^^ to each other 

is not critical to the Inveiitioni Although a typical trictlon-type 
hose cbnhectibn is iUustrated at end 32 wher^ hollow h^dle 30 is 
attached to the vacuum source/ any ^^^^^^ 
- technique known to thbse skiUed in the art ebuld t>e utilized. 
Similarly, iUustrated threaded connection 31 could be a silE^joint Uug 
and slot), a snap-joint, or any other vacuum-tight connection 
technique. A positive retentioh technique is preferred sb that the 
device does not become dislodged or dlsconhected from the handle 
during surgery. A threaded joint is preferred. 

The inisldB diameter of hblfow handle 30 should be hd fess than 
the inside <ttamet6r 6f hdUoW central suction conduit 14; Further, 
although no special design need be placed on the surface of 
handle 30, if desired, an ahtt-sHp surf ace such ds the" d^ 
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pattern illustrated in part in Figure 6 can be employed* Further, 
' suitable ^^ro^^ can be utliized. the w of 

^ tiie hollow handle 40 Is pref^bly the same as that of the sleeve and 
Is adapted to abut sleeve 4d* 

Device lb is also adapiW to r^e^^ 40, 
lUtxstrated In Figure 4. the jpauticida^ attachment of 

"^eeve 40 to device iO Is not critical for this inveiition. Figure S 
lUustrates the r^ationship betweeci a siibstahtM portion 40* of 
sleeTO 40 and cievice 10, and Figure 6 ctepicta; an entire assembly 
including device id (of which only the second surface portion of 
perforate end section ii is visible), sleeve 40, and hsoidte 30. 
Although no positive attachment device neikl te utiUze^^ a 
. ; device preferred/ Great strata te^^E^ me sleeve when, for 
exaripl^, the devioB Is iitillzftl to suction a long bon^ in orthopedic 
surgery. 

One skilled in the art could select a suitable method for 
pbsitiveiy securing si^^ 40 tb device 10. For ^mple, shoulder 19 
or perforated end section 12 could be threaded and the appropriate 
end of sfeev^ 40 oppositely threaded. SlmMiiy, a retiining pin or 
\ iiig obuld be placed on shbtiider 19 or i^iloiSted^^^e^^^ and a 

slot appropriately placed on sleeve 40 and ^aped so that ^^^t^^^ pin Is 
• rec^ved In tlie slot to retain sleeve 40^ If desired* the lug or pin 
portiion of the retehtibn device be attached to the exterior of 
" " elongisted section II.' bf course, other positive retention devices 
'ban'be'iitUl;^.' • ' ' 

Pref eraisly, the outside dimensions of handle end 31 and the 
wfdest dfinensibn bf perforate end section 12 are siibstantialiy equal, 
and the largest dimensibn of shoulder 19 Is slightly smailer than the 
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handle. Then, the Inside dimenston of sleeve 40 can ?^ 
. 1^ s° «^Vs»eeve 40 can be put in place by removln? device 

Ib fEoni handle 30, sliding sleeve 40 over shoulder 19 of device 10 so 
ttat one end abute against the widest dlmensioa of perforate end 
s^tlbn- 12. and. upon replacement of device 10 on handle 30, the 
^other end Of the sleeve abuts handle^ 31^^ 

must not )jlo^sucti(m porte It fe al» jaeferyed «t« tt^ 
^meo^ci ^Q 40 equal the widest dtoei^ of':^^ 
section 12. Finally, tiie ends of WWaUs of si^e 40 are preferahly. 
aaped to match the diape of those portions of haiKile ^ 3i and 
prorate end section 12 against which sleeve 40 atatt^, . Matching 
shapes in this fashion helps ensure not only ttatsfeevd io is properly 
centered and retained on device io, but also Qiat vacuum, is directed 
to sleeve 40 and not to the Joint between sleeve 40 and perforate end 
section 12. 

e ^^y^ Sleeve 

40cant^;urgedOT^ 

, 12>id held against knpb or^ shoulder Appropriate 
sele<!%i (rf the d^^ p^torate 
end5TOtIoni2Mows^%^ 
Of pUMacu -^ this Knb(idlinent V 
plac^ on th^ sleeve might cause tiie sleeve to be dlslpd^; 

; r^^^ than suction 

ports 17 to avoid blocking suction ports 17 while the sleeve is In 
place. Any solid which is aspirated through the sleeve perforations 
will thus also be aspirated trough the larger suction ports 17. 
.^'^S^rv ?'® #^«e/'»tween the interim the 
exterior of ieloi^ted section 11 should be at least as large as the 



perforations in sleeve 40 so that aspirated material does not loc^e 
between the sleeve and the elongated ^ectlon* The diaineter and 
arrangement or the perforations can be selected by one skUled in the 
art. ■ , ^ , 

Sle^e 40 is intended for use J^n situations where the volume 
of liquids to be aspirated is large, or when the device must be 
Inserted into a deep field. Therefore, use of sleeve 40 Is preferred 
during orthopedic surgery, because large volimies of irrigating fluid 
are typically used to clear the operating field of blood, bone chips, 
and the like. Further, the device must often be inserted deep into or . 
along side of a bone such as the femur. For such use, the 
perforations in the sleeve preferably have a diameter between about 
0.05 to 0.10 inch, preferably between about 0.07 to 0.09 inch, but 
preferably smaller than that of suction ports 17. When perforate 
end section 12 Is not placed symmetrically about the longitudinal 
axis of hollow central section conduit 14, the design of the sleeve 
must be adjusted to accommodate the asymmetry, if possible. 

Sleeve 40 is also useful in reducing trauma to tissue. In 
situations where it is necessary to insert device 10 deep into an area 
surrounded by tissue, or deep Into a long bone, as in orthopedic 
surgery, sleeve 40 can advantageously by used to ensure that tissue 
or solid and semi-soUd debris do not block suction ports 17. 

The superior performance of the device of this Invention can 
be utilized advantageously by reducing the size of the device. For 
example, the widest dimension of the preferred bulbous perforate 
end section 12 for use in orthopedic surgery as described above, is 
between about 0.30 to O.SO inch, preferably between about 0.32 to 
0.44 inch. The length of elongated section 11 can be selected to 
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meet the userts needs. For ordiopecfic surgery, lengths of between 

Any of the appropriate ttatertals of constr^^ 
devices can be utilized to manufacture the device of this Invention. 
The material must be staSiizahle and able to withst^d the rigors of 
a surgical field and the force of the vacuum. Preferably, the entire 
assembly Is lightweight to mitigate fatigue. If d^slted, it can be 
made disposable. Further, care should be takM to «isuie to^ 
are no sharp edges on this device, especially at the distal end of the 
•'■■■■■■■■■^sleeve. 
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The following example describes an embocttment of the device 
. ;pf tWs inventl^ : 

Example 

A ctevlce hBving a bulbous end as illustrated in Figure 1 was 
, fashioned from stainless steeL Tbe widest dimension of the bulb was 
0.37 inches andvthe length of the elongated section was 2ri/8 inches. 
. The inteilw diamet^ of^ the hollow central suction .conduit was 0.20 
inches and the hollQW handle had an inside diameter of 0J23 inches 
and an outside diameter of 0.38 inches. The suction ports and 
suction port conduits were circular and were sized as follows: 

Quantity Diameter> Inc 

1 0.17 

3 0.11 

3 0l09 

Each set of suction ports was disposed symmetrically on a 
circle, i.e., equidistant from the distal end of the (tevice. Suction 
port 20 was located in the center of planar face 15 of the second 
surface portion* The remaining ports were symmetrically disposed 
on circles at 120* intervals. The intersections of suction port 
conduits 22 with hoUow central suction conduit 14, were equidistant 
from, albeit closer to, the distal end of perforate end portion 12 than 
were the intersections of suction port conduits 11 with hollow 
central suction conduit 14. 



Suction Port' Identity 

Planar face of distal 
end (20) 

Second surface potion 
of end (13} 

First siuf ace portion 
of end fl7) 
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Thls device was utllizaJ in drthopedic surgery to remove bone 
chips and completely cfry the operating field. The surgery proceeded 
quickly, and the amount of tissue trauma was reduced. 

Although ^fen^tfemlxjaments of -this Invention have been 
disclosed herein, those skilled in the art will appreciate that changes 
and modifications may be made without dBp»tii^ f*om the spirit of 
ttils invention, as defined in and limited only be the ^peitf the 
appended claims. 
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CLAIMS ■ .■/: .. r-.. 

1. A suction device for attachment to a vacuum ^-a;^ 
source for removal of surgical debris comprising: an elongated 
section containii^ a hollow central suction conduit and a perfo- 
rate end section extending outwardly from said elongated sec- 
tion and through which said central suction conduit ^ TO^ 

the perforations in the surface, of said perforate end section 
forming suction ports which communicate with said central 
suction conduit via suction pprt conduits through said perforate 
end section; said perforate end section having a jrirst surface 
portion with at least one sijction port , thereon e3etendin^; f^ 
the end of said elongated section to the. widest part >^ 
iend section, which. Is wider than said, elongated, SQCtlonV ai^ 
secpiKl surface portion with at, least one suction port thereon 
extending from the widest part of said end - section jo the 
distal end of said end section. < i 

2. The suction device of claim l addltionallY compris- 
ing a handle portion removably co;)nected to said elongated 
section containing a passageway in .cominunlcatlon^ w 
central suction conduit and a source of vacuum/^^^^^^a^ 

whi<A the debris can be aspl^^ . ; .-.^ 

3. The suction device of claim. 1 wiierein the^^,ra^^ 
the surface iarea of the suctioci ports In the second portion to 
the surface area of the suction, ports ^ &i;^.t^^ Is 
between about L 3 to 10. 

4. The suction device of claim 3 wherein the ratio of 
the surface area of the suction ports In the second portion to 
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the area of the suction ports in the first portton is between 
about 1.9 and 4.3; 

5. The suction bf eiaiin i Whereiii; said suction 
ports are arranged symmetricaUy abdut said perforate end 

■■'section.'";- 

6. The suction device of claiiri^ i Wherein tiie ie<iond 
surface portfon Of said perforate end section teriainates in a 
planar face ponlon at the distal end of said end section. 

7. The suction device of claim $ wherein said face 
portion has one cireiilar suction port of a diameter of from 
about 0.i5 to 0.20 Inches, wherein the remainder of said second 
surface -portion has symmetrically disposed th^ein 'three circular 
suction ports each having a diameter of fr^ about 0.09 to 

. 0.15 inches, and wherein said first surface portion has syiimet- 
ricauy disposed therein three circular suction ports 6a6h having 
a diameter of from about O.Oft to 0.11 fh<»hesw 

' ' 8w The suction device of ciaiin: 7 wherein said suction 
poff in saiid face portibn has a diameter bf be^ 
to Oils inches, ^ said' ^wion pdi^^^^^^ta th^ remainder of said 
second surface portion ha<^ cliaietersr li^tween abbur^O^^^ to 
0.13 inches, and said suction t»rts in s^ first iiirfiTO portion 
have diameters between about 0.08 to 0.10 if^ 

9. The suction device of claim i Whereiiv' s^id elbo- 
gated section Is adapted to receive a eoaidal ^rforate sleeve. 

10. The suction device of claim 9 further cbmpridh^ a 
coaxial perforated isleeye. 
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iU The suction device of claim 10 wherein the perfo- 
rations of said perforate sleeve are smaller than said suction 
t ^ ^ ports in said first surf ace portion. 

f.] '- 12. The suction: device of claim 1 whefbln said central 

suction conduit and said suction port conduits from said first 

%l- surface portion intejr^t ai approximately equal (fistances from 

the distal end of said perforate end section and said suction 
port conduits are disposed generally in the diirection of the 
distal end of said perforate end sectlofL' 

13. The suction device of claim 12 wherelii said hollow 
. central suction conduit and said suction port dKHiduIts In' said 

second surface portion intersect at approximately equal dis* 
tahces from the distal end of said perforate end section and 
the suction port conduits are generally <flsposed from the 
(fistal end of said perforate end section. 

14. The suction ctevice of claim 2 wherein the inside 
diameter of said handle portion passageway and the inside 
diameter of said central: suction conduit are larger than the 

Hf : diameter of salb sitction ports and the inside diameter of 

said handle portion passageway is at least as;^ large as the 
Inside diameter of said central suction conduit. 
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